Abstract: Posturography is a general term for techniques used to measure postural stability on static or dynamic measuring platforms. The principle of static computerised posturography (SCPG) is the detection of the centre of foot pressure (CFP) in upright stance on a posturography platform. Our communication deals with the importance of SCPG in differential topodiagnosis of vestibular syndromes in neurology. The set of examinations and evaluations carried out was divided among a control group of healthy subjects (77), a group of subjects with peripheral vestibular disorder (159), and a group of subjects with a non-peripheral balance disorder (82). Results obtained through the measurements were evaluated using descriptive statistics procedures and basic numerical and graphic statistical characteristics of the given groups. Our observations demonstrate that posturography is a valuable auxiliary test for balance disorders, especially given the lack of more suitable tests. According to our results, SCPG can be used for a rough differential topodiagnosis of balance disorders in neurology.
Introduction
Posturography, also known as a test of balance, is a general term for methods used to measure postural stability on static or dynamic measuring platforms. The principle of measurement is detection of the centre of foot pressure (CFP) during examination on a posturography platform. The CFP projects the center of gravity of the body to the ground. It must be maintained within the area defined by the feet. Balancing requires information from the vestibular, somatosensory and visual system. Failure of any of these systems causes specific balance disturbances. Even between the lesions of the central and peripheral vestibular systems are observable clinical differences which may be reflected in the body sway measurement. Posturography is an objective technique, so it is not burdened by subjective interpretation, and the results can be documented both graphically and numerically. This enables a detailed assessment of postural balance, a comparison of results, and an ability to archive [1] . Dynamic posturography (DPG) is presented as a method for the detection of stance and dynamic movement, with the capacity to quantify the information inputs, central integration, and mechanisms for creating effective postural movements [1, 2] . Static posturography is based on the principle of measuring the shifts in CFP on a stationary platform [3] [4] [5] . Opinions on the importance of posturography and its position among other machine-based techniques in vestibulology are divided. Prevailing opinion is that both posturography techniques (SCPG and DCPG) are beneficial especially for the quantitative assessment of postural balance [2, 6, 7] . Posturography is deemed a suitable complement to standard vestibular examinations, especially in patients with CNS pathology and is useful for evaluating susceptibility to falling [8] [9] [10] .
One of the main issues in neuro-otologic assessment of patients with dizziness is determining the topography of the vestibular lesion. The purpose of this study is to examine the effectiveness of static posturography in distinction between non-peripheral balance disorders and peripheral vestibular system disturbances.
Study population and methods
The measurements presented in this work were obtained on an STP-03 computerised posturograph under the standard conditions of an audio-vestibular lab. The posturograph measures CFP distance To quantify an activity necessary to maintain stability, the posturograph measures CFP trajectory per a fixed period Way, W; [cm/s]) upon visual fixation (open eyes; Wf) and suppression (closed eyes; Ws), the area obtained by CFP trajectory (Area: Af, As; [cm 2 /s]), deviation of CFP in the anteroposterior X and lateral Y axes and their ratios upon visual fixation (ALf) and suppression (ALs) and visual balance control expressed in terms of Way (RW = Wf/Ws) and Area (RA = Af/As). These parameters were also studied in the presented communication.
The determination of standards is essential for the assessment of pathology. However, the COMES Trading posturograph used here contains neither normative values nor instructions for how to interpret the measurements. Therefore, the criteria established by Dolejš were adopted and the following values were considered physiological: Wf < 1.5 cm/s, Ws < 3 cm/s, Af < 0.5 cm/s, As < 1 cm/s, RW = 0.8 to 1, RA = 0.8 to 1.11 In addition, no standards have been set for the parameters X and Y. Thus, from 2001 to 2004, a set of measurements was performed on patients with physiological postural balance to establish standard values for use in identifying pathological conditions. The control group was comprised of 77 volunteers not limited by age, gender, or mental or somatic illnesses. The exclusion criteria for the control group were a history of a vestibular disorder (a medical diagnosis of dizziness or of a balance disorder), current dizziness or an obvious balance disorder at the time of examination, inability or unwillingness to undergo the examinations.
Based on clinical findings (otological and neurologic examination, audiometry and conventional complementary examination), a group of patients with a confirmed vestibular diagnosis was selected from the outpatient neurootology office of the University Hospital in Hradec Králové. Patients with multifactorial and unclear balance disorders were excluded. This group was further divided into subgroups with peripheral vestibular lesions (59 patients) and non-peripheral postural balance disorder (82 patients).
In presenting and discussing the data, the following abbreviations were used: min, minimum value of a sample; max, maximum value of a sample; med, median of a sample; q α , α-quartile of sample, where 0 < α ≤ 1 (i.e., q 0.25 refers to the first quartile and q 0.75 to the third quartile); avg, sample mean; SD, standard deviation; Norm, patients with no history of a vestibular disorder; Per, patients with peripheral vestibular deficits; Nonper, patients with central nervous system vestibular dysfunction. Basic clinical characteristics of the patient groups were in Table 1 .
Graphs were created and statistical tests were performed using R version 2.10.1 (R Foundation for Statistical Computing). After descriptive statistical analysis was performed for each group (Norm, Nonper, Per) and measured parameter (Wf, Ws, Af, As, ALf, ALs, Xf, Xs, Yf, Ys, RW, RA); outlier values were excluded and normality of distribution was tested. As shown below, nonnormal distribution precluded ANOVA tests for equality between mean parameter values within single groups. Normality of sample distribution was assessed using three different tests: the Shapiro-Wilk test, the Lilliefors (Kolmogorov-Smirnov) test, and the Pearson test. A sample was considered non-normally distributed if two or more of the normality tests failed. The Mann-Whitney U-test for non-normally distributed samples was performed to test equality between pairs of expected values for given parameters. For all statistical tests, a p-value < 0.05 was considered significant.
Approval by an ethical committee was not required because all of the analysed variables were collected as part of the standard diagnostic process, and the study itself did not influence patients' other examinations or further care by any means. All study participants have signed the written informed consent. 
Results
For ANOVA testing of a given parameter, the samples in each group must have a normal distribution and homoscedasticity. Normality was observed only for RW parameter. However, the Bartlett test for homogeneity of variance failed (p-value = 7.685e-07). For all the parameters (including RW), equality among groups was evaluated by the Kruskal-Wallis rank sum test, which is an alternative to ANOVA for non-normally distributed heteroscedastic samples. For each parameter, the p-value of the Kruskal-Wallis test for the hypothesis H 0 : m Norm = m Nonper = m Per as less than 0.01, which means that the null hypothesis was rejected for each parameter. The goal was to decide about the kinds of inequalities among groups. The data distributions of observed parameters within the three groups of patients are shown in Tables 2, 3 , 4. Some judgments can be made based on Table 5 , which summarises the sample means and standard deviations calculated after excluding outliers and box plots (Figure 1, 2, 3 ) of such samples. To confirm or reject relationships that seemed to appear in the 
Discussion
Both the graphical depiction and numerical values clearly indicate that both groups of patients (Per and Nonper) had higher values than the control group (Norm). This applies to the parameters of distance (Wf, Ws) and area (Af, As) obtained by CFP trajectory, and during the examination, the difference is larger upon visual suppression (Ws, As) than upon visual fixation (Wf, Af). The measured values Wf, Ws, Af, and As in both groups of patients (Per and Nonper) on average exceeded the physiological range ( Figure 1) . A similar but less considerable difference was observed for the parameters Xf and Yf, and the difference was larger in the parameters Xs and Ys (Figure 1 ). For the parameters RW and RA, the values were within physiological limits for the Norm group. However, RW and RA were lower in both patient groups (Per and Nonper). In the 
